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ABSTRACT : 

PROBLEM TO BE SOLVED: To impart a good exchange bond between a free 
layer 

and a second ant if erromagnetic material by executing a stage for removing 
both 

ends of the free layer down to a prescribed depth prior to a heat treatment 
for 

magnetization direction control of a first antif erromagnetic material of a 
magneto- resistive (MR) laminate when forming a second antif erromagnetic 
material for exchange bonding for generating a longitudinal bias for 
controlling the magnetic domain of the free layer. 

SOLUTION: A lower shielding layer 10 and a lower insulating layer 11 are 
fo3 ir^«^ MR laminate 12 consisting of a first 

^f^^SS^SSSSS&iS^ mate ^tl^SX££j^) a first^f erromagnetic material layer 
^EftSSgd^ metallic layer 121% and a second 

f erromagne^Tc^^* ^ " P 1 ' 
material layer Xgree layer) 123; and a cap layer 16 are deposited on the 
lower " 

insulating layer 11. Both ends of the cap layer 16 are completely removed 
by 

dry etching and both ends 123a of the free layer 123 are removed down to 
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the #. 

prescribed depth. A third ferromagnetic material laygr 13, a second 
antif erromagnetic material layer 14 and aVJLgad layer 15 x are formed and 
thereafter, the regulation heat treatment of the first and second 
antif erromagnetic material layers 120 and 14 is carried out. 
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* NOTICES * 

jpo and ncipi are not responsible for anydamages caused by the use of 
this 

translation. 

1. This document has been translated by computer, so the translation 
may not reflect 

the original precisely. 

2. **** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the invention] 
[0001] 

[Field of the invention] This invention relates to the 
magneto- resistive effect (MR) 

sensor using giant magneto- resistance (GMR) or spin tunnel 
magneto- resistive effects 

(TMR), such as the spin bulb effectiveness, and the manufacture 
approach of this MR 

sensor. Although this kind of MR sensor is used for various magnetic 
detection, it is 

used for the magnetic head for magnetic recorder and reproducing 
devices, such as a 

hard disk drive unit (HDD), as that typical example. 
[0002] 

[Description of the Prior Art] in recent years, in connection with the 
densifi cation 

of HDD, the magnetic head of high sensitivity and high power is 
demanded, and the 
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thin film magnetic head equipped with MR sensor using the spin bulb 
which is one of 

the sensors which present GMR as what replies to such a demand is 
proposed 

OP, 8-21166 ,B, JP, 6-236527, A). 

[0003] It is made to impress the exchange bias field produced in that 
interface to 

the ferromagnetic layer (pindo (pinned) layer) of one of these by a 
spin bulb's 

separating two ferromagnetic layers magnetically in a non-magnetic 
metal layer, 

making them sandwich structure, and carrying out the laminating of the 



anti ferromagnetic substance layer to the ferromagnetic layer of one of 
these. Since 

the sense of magnetization of these [ whose non-magnetic metal layer 
is pinched since 

the fields which carry out flux reversal in the pinned layer which 
receives an 

exchange bias field, and the ferromagnetic layer (free (free) layer) 
of another side 

which is not received differ ] two ferromagnetic layers changes with 
parallel and 

anti -parallel and electrical resistivity changes a lot by this, GMR is 
obtai ned . 

[0004] The output characteristics of a spin bulb MR sensor etc. become 
settled with 

the include angle which magnetization of these [ whose non-magnetic 
metal layer is 

pinched ] two ferromagnetic layers (a pinned layer and free layer) 
makes. The 

magnetization direction of a free layer is easily turned to in the 
direction of the 

leakage field from a magnetic- recording medium, on the other hand, the 
magnetization 

direction of a pinned layer is controlled by switched connection with 
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an 

anti ferromagnetic substance layer by the one direction (the direction, 
the direction 

of pindo by which pinning is carried out). 

[0005] A free layer needs to carry out magnetization change in the 
condition that 

there is no migration of a magnetic domain wall, at the time of spin 
bulb MR sensor 

actuation. This is because it becomes the noise component called a 
Barkhausen noise 

since the magnetization change accompanied by domain wall displacement 
has a slow 

response compared with the magnetization change without domain wall 
displacement and 

it is irreversible. For this reason, generally impressing a bias field 
(vertical bias 

field) to a free layer, and controlling domain wall displacement with 
a hard magnet, 

is performed. 

[0006] However, when a sensor is used in the state of an elevated 
temperature, there 

is a problem that fluctuation of the direction of pindo and 
fluctuation of own 

magnetic properties of a free layer occur under the effect of the 
vertical bias field 

to a free layer, consequently degradation of an output occurs. For 
this reason, it is 

necessary to suppress a vertical bias field to the necessary minimum 
value which 

magnetic-domain control takes. 

[0007] Then, magnetic-domain structure is stabilized by the vertical 
bias field by 

the free layer and the anti ferromagnetic substance layer through a new 
ferromagnetic 

layer, and the approach of controlling the domain wall displacement at 
the time of 
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sensor actuation is proposed Op, 8-45032, A) . since it is possible to 
impress a bias 

field only to the edge of a free layer according to this method of 
generating a 

vertical bias field by the anti ferromagnetic substance layer, the 
field impressed to 

the whole layered product compared with a hard magnet bias method 
becomes smal 1 . 

Consequently, output degradation at the time of an activity in the 

elevated- temperature condition of a sensor becomes small. 
[0008] 

[problem(s) to be Solved by the invention] in this kind that has the 
2nd 

anti ferromagnetic substance layer for vertical bias field impression 
of spin bulb MR 

sensor Especially, on a substrate, carry out the laminating of the 1st 

anti ferromagnetic substance layer, pinned layer, non-magnetic metal 
layer, and free 

layer in this sequence, and a spin bulb layered product is formed, in 
the spin bulb 

MR sensor which was made to expose the both ends of a free layer and 
furthermore 

prepared the 2nd anti ferromagnetic substance layer for vertical bias 
field impression 

through the ferromagnetic layer on it on it after carrying out the 
laminating of the 

protective layer in case it mills in order to expose the both ends of 
a free layer by 

milling etc., the element of the ingredient which constitutes a 
protective layer is 

spread in a free layer, and there is a possibility that the switched 
connection for a 

vertical bias field may be checked by the interface. 
[0009] in order to make good switched connection for a vertical bias 
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field, the 

technique which cleans the front face of MR component is well-known. 
For example, in 

case the anti ferromagnetic substance layer for vertical bias fields i 
formed in 

JP, 7-210834, A and JP, 7-244821, A after carrying out patterning of the 
MR component to 

a predetermined configuration, in order to take magnetic association, 
removing the 

oxide film produced on the front face of MR component is indicated. 
[0010] However, neither of these techniques is related with GMR 
sensors, such as a 

spin bulb MR sensor, and does not solve the failure according [ and ] 
to diffusion of 

the element of other layers to the inside of a free layer. And there 
is also no clear 

disclosure of at which event in a production process to clean a front 
face. 

[0011] The object of this invention is to offer the manufacture 
approach of MR sensor 

which can be made to generate good switched connection between a free 
layer, the 

ferromagnetic layer for vertical bias fields, and an antiferromagneti 
substance 

ayer, and this MR sensor. 
:0012] 

>ieans for solving the Problem] The 1st ferromagnetic layer to which 
bias field is 

impressed by switched connection with the 1st anti ferromagnetic 
substance layer and 

the 1st anti ferromagnetic substance layer according to this invention 
(pinned layer), 

And the step which forms MR layered product which has the 2nd 
ferromagnetic layer 

(free layer) from which a laminating is carried out through a 
non-magnetic-material 
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layer on the 1st ferromagnetic layer, the signal field by which a seal 
of approval is 

carried out is answered, and the magnetization direction changes, The 
step which 

carries out the laminating of the protective layer on formed MR 
layered product, and 

the step which removes the both ends of a free layer to the 
predetermined depth while 

removing a part of protective layer [ at least ], At least, it has the 
step which 

forms the 2nd anti ferromagnetic substance layer for the switched 
connection for [ of 

a free layer ] controlling the magnetic domain of this free layer on 
both ends, and 

the manufacture approach of MR sensor of performing the step which a 
**** removes 

before heat treatment for the magnetization directional control of the 
1st 

anti ferromagnetic substance layer is offered. 

[0013] In case the 2nd anti ferromagnetic substance layer for the 

switched connection 

for generating the vertical bias which controls the magnetic domain of 
a free layer 

is formed, he is trying to remove the both ends of a free layer to the 
predetermined 

depth, and, moreover, the process to remove is performed before heat 
treatment for 

the magnetization directional control of the 1st anti ferromagnetic 
substance layer of 

MR layered product. By removing the both ends of a free layer to the 
predetermined 

depth, the part which the component element of the protective layer 
produced when 

removing a protective layer diffused in the free layer can be removed 
certainly, and 

Page 6 



JP 2000-228003.txt 
good switched connection can be given between a free layer and the 2nd 



anti ferromagnetic substance layer for vertical bias fields. 

[0014] moreover, good by performing the step to remove before heat 

treatment for the 

magnetization directional control of the 1st anti ferromagnetic 
substance layer, 

without the component element of a protective layer being able to stop 
the degree 

diffused in a free layer to the minimum and carrying out until 
clearance of the free 

layer so deeply, since progress of diffusion by heat treatment can be 
controlled. The 

thickness of a free layer becoming thinner future still as for this 
and an interval 

make a production process remarkably easy. Therefore, good switched 
connection can be 

given easily and certainly between a free layer and the 
anti ferromagnetic substance 

layer for vertical bias fields. 

[0015] in addition, it is desirable that the predetermined depth in 
the case of 

removing a free layer to the predetermined depth is the depth used as 
extent from 

which switched connection is not prevented with the element of the 
protective layer 

ingredient diffused in the free layer. 

[0016] It is also desirable to form a protective layer by monolayer, 
in this case, it 

is more desirable to form a protective layer by one monolayer chosen 
from Cu, 

aluminum, Rh, Ru, Pt, RuRhMn, PtMn, PtMnRh, and Tiw. 

[0017] if a protective layer is constituted from monolayer of such an 

ingredient, 

since the degree which the component element of a protective layer 
diffuses in a free 
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layer by ion milling can be made remarkably small as compared with the 
case where it 

constitutes from monolayer of Ta like the former, it leads to it being 
good without 

carrying out until milling clearance of the free layer so deeply, and 
means that the 

large thickness of the free layer after milling can be taken. 
Therefore, a production 

process becomes very easy even if the thickness of a free layer 
becomes thinner 

future still. Consequently, good switched connection can be given 
easily and 

certainly between a free layer and the 2nd anti ferromagnetic substance 
layer for 

vertical bias fields. 

[0018] it is also desirable to form a protective layer by the 
multilayer, in this 

case, it is more desirable to form a protective layer by one two-layer 
film chosen 

from Ta/PtMn, Ta/Cu, Ta/aluminum, Ta/Ru; Tiw/cu, Tiw/Rh, and "riw/Ru. 
[0019] if a protective layer is constituted from two-layer film of 
such an 

ingredient, since the degree which the component element of a 
protective layer 

diffuses in a free layer by ion milling can be made remarkably small 
as compared with 

the case where it constitutes from monolayer of Ta like the former, it 
leads to it 

being good without carrying out until milling clearance of the free 
layer so deeply, 

and means that the large thickness of the free layer after milling can 
be taken. 

Therefore, a production process becomes very easy even if the 
thickness of a free 

layer becomes thinner future still. Consequently, good switched 
connection can be 
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given easily and certainly between a free layer and the 2nd 
anti ferromagnetic 

substance layer for vertical bias fields. 

[0020] it is desirable that MR layered product is a spin bulb MR 
layered product or a 

spin tunnel MR layered product. 

[0021] The 1st ferromagnetic layer to which a bias field is further 
impressed by 

switched connection with the 1st anti ferromagnetic substance layer and 
the 1st 

anti ferromagnetic substance layer according to this invention (pinned 
layer), And MR 

layered product which has the 2nd ferromagnetic layer (free layer) 
from which the 

signal field by which the laminating is carried out through the 
non-magneti c-materi al 

layer on the 1st ferromagnetic layer, and a seal of approval is 
carried out is 

answered, and the magnetization direction changes, The '2nd 
anti f e r romagneti c 

substance layer for the switched connection for the laminating being 
carried out on 

the both ends of the free layer of MR layered product, and controlling 
the magnetic 

domain of this free layer, it has the protective layer by which the 
laminating was 

carried out on MR layered product. A protective layer Cu, [ whether it 
is formed by 

one monolayer chosen from aluminum, Rh, Ru, Pt, RuRhMn, PtMn, PtMnRh, 
and Tiw, and ] 

Or MR sensor currently formed by one two-layer film chosen from 
Ta/PtMn, Ta/Cu, 

Ta/aluminum, Ta/Ru, Tiw/cu, Tiw/Rh, and Tiw/Ru is offered. 

[0022] if a protective layer is constituted from the monolayer or the 

two- layer film 
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of such an ingredient, since the degree which the component element of 
a protective 

layer diffuses in a free layer by ion milling can be made remarkably 
small as 

compared with the case where it constitutes from monolayer of Ta like 
the former, it 

leads to it being good without carrying out until milling clearance of 
the free layer 

so deeply, and means that the large thickness of the free layer after 
milling can be 

taken. Therefore, a production process becomes very easy even if the 
thickness of a 

free layer becomes thinner future still, consequently, good switched 
connection can 

be given easily and certainly between a free layer and the 2nd 
anti ferromagnetic 

substance layer for vertical bias fields. 

[0023] it is desirable that MR layered product is a spin bulb MR 
layered product or a 

spin tunnel MR layered product. 
[0024] 

[Embodiment of the invention] Drawing 1 is the sectional view showing 
roughly the 

lamination of the spin bulb MR sensor part of the thin film magnetic 
head as 1 

operation gestalt of this invention, and expresses the cross section 
seen from [ of 

the magnetic head ] the floatation side (abs) . 

[0025] in this drawing, the lower shielding layer currently formed 
through the 

substrate film on the substrate which 10 does not illustrate, the 
lower insulating 

layer by which the laminating of 11 is carried out on it, and 12 show 
the spin bulb 

MR layered product by which the laminating is carried out on the lower 
insulating 
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layer 11, respectively. 

[0026] The spin bulb MR layered product 12 The lower part to 1st 
anti f e r romagnet i c 

substance layer 120, The 1st ferromagnetic layer 121 to which a bias 
field is 

impressed by switched connection with the 1st anti ferromagnetic 
substance layer 

(pinned layer), The laminating is carried out on the non-magnetic 
metal layer 122 by 

which the laminating was carried out on the pinned layer 121, and the 
non-magnetic 

metal layer 122, and it consists of the 2nd ferromagnetic layer (free 
layer) 123 from 

which the signal field by which a seal of approval is carried out is 
answered, and 

the magnetization direction changes. 

[0027] in this drawing, the adhesion laminating of 13 and 14 is 
further carried out 

to the front face of both-ends 123a of the truck cross direction of 
the free layer 

123 of the spin bulb MR layered product 12. The 3rd ferromagnetic 
layer for 

controlling the magnetic domain of this free layer 123 and the 2nd 
anti ferromagneti c 

substance layer for switched connection, the lead conductor layer by 
which the 

laminating of 15 was carried out on the 2nd anti ferromagnetic 
substance layer 14, and 

16 show the protective layer (cap layer) by which the laminating was 
carried out on 

the spin bulb MR layered product 12, respectively. 

[0028] in this operation gestalt as Ta (5nm) and 1st anti ferromagnetic 
substance 

layer 120 as substrate film PtMn (20nm), As a pinned layer 121, as Co 
(2nm) and a 

non-magnetic metal layer 122 cu (2.5nm), RuRhMn (lOnm) is used as NiFe 
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(25nm) and 2nd 

anti ferromagnetic substance layer 14 as a free layer 123 as Co (lnm) 
and NiFe (8nm), 

and 3rd ferromagnetic layer 13. Furthermore, one two-layer film (2.5nm 
/ 2.5nm) 

chosen from the monolayer (5nm) by one ingredient chosen from cu, 
aluminum, Rh, Ru, 

Pt, RuRhMn, PtMn, PtMnRh, and Tiw or Ta/PtMn, Ta/Cu, Ta/aluminum, 
Ta/Ru, Tiw/cu, 

Tiw/Rh, and Tiw/Ru as a cap layer 16 is used, in addition, the display 
which it'VVt 

between elements ] Comes to set in this description means that the 
laminating of both 

the elements is carried out up and down. "Ta/PtMn" Ta layer and the 
PtMn layer mean 

that the laminating is carried out so that, as for an unstated 
publication, Ta layer 

may turn up. Therefore, in all above-mentioned two-layer film, Ta or 
Tiw serves as an 

upper layer (layer of the side which does not contact a free layer). 
[0029] as an anti ferromagnetic substance ingredient -- Pt47 - 52at% 
and Mn48-53at% -- 

a presentation (most — desirable -- Pt48at% — ) Mn52at% -- PtMn [ of 
a presentation 

], Pt33 - 52at%, Mn45 - 57at% — Rh0-17at% — a presentation (most — 
desirable -- 

Pt40at% and Mn51at% --) Rh9at% — PtMnRh [ of a presentation ] or RuO 

- 20at% — RhO 

- 20at% and Mn75-85at% -- by using RuRhMn of a presentation (most 
preferably Ru3at% 

and Rhl5at% and Mn82at% presentation) Both the 1st anti ferromagnetic 
substance layer 

120 and the 2nd anti ferromagnetic substance layer 14 can share the 
target by this 

ingredient. These presentations are presentation fields from which big 
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switched 

connection is already obtained with a ferromagnetic in well-known 
"thick-film field" 

with various reference, patent official reports, etc. 

[0030] Drawing 2 is a flow chart explaining the production process of 

the spin bulb 

MR sensor in the operation gestalt of drawing 1 , and drawing 3 is the 
sectional view 

showing the lamination in each of that production process. 

[0031] As shown in (a) of step Si of drawing 2 , and drawing 3 , the 

lower shielding 

layer 10 and the lower insulating layer 11 are formed through the 
substrate film on 

the substrate which is not illustrated. 

[0032] Subsequently, as shown in (B) of step S2 of drawing 2 , and 
drawing 3 , the 

spin bulb MR layered product 12 which consists of the 1st 
anti ferromagnetic substance 

layer 120, pinned layer 121, non-magnetic metal layer 122, and free 
layer 123 on the 

lower insulating layer 11 is formed. 

[0033] Then, as shown in (c) of step S3 of drawing 2 , and drawing 3 , 
the cap layer 

16 is formed on the spin bulb MR layered product 12. 
[0034] Although regulation-ized heat treatment of the 1st 
anti ferromagnetic substance 

layer 120 was conventionally performed at this event in this 
invention, without 

performing this heat treatment, as shown in step S4 of drawing 2 , and 
(D) of drawing 

3 After the part corresponding to both-ends 123a of the free layer 123 
forms the 

photoresist pattern 17 which is carrying out opening, while performing 
dry etching, 

such as ion milling, and removing all the both ends of the cap layer 
16, both-ends 
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123a of the free layer 123 is removed by predetermined Mr. Fukashi . 
The predetermined 

depth in this case is the depth from which the element of the 
ingredient of the 

protective layer 16 diffused in the free layer 123 by ion milling 
serves as extent 

which does not check switched connection. 

[0035] subsequently, as shown in (E) of step S5 of drawing 2 , and 
drawing 3 , 

laminating formation of the 3rd ferromagnetic layer 13, the 2nd 
anti f e r romagneti c 

substance layer 14, and the lead conductor layer 15 is carried out, 
respectively so 

that it may stick to the front face which milling was carried out and 
has been 

exposed to the predetermined depth of both-ends 123a of the free layer 
123. 

[0036] Subsequently, as shown in (F) of step S6 of drawing 2 , and 
drawing 3 , 

lift-off processing is performed and the photoresist pattern 17, and 
the 3rd 

ferromagnetic layer 13, the 2nd anti ferromagnetic substance layer 14 
and the lead 

conductor layer 15 by which the laminating is carried out on it are 
removed. 

[0037] Then, as shown in step S7 of drawing 2 , while performing 
regulation-ized heat 

treatment of the 1st anti ferromagnetic substance layer 120 of the spin 
bulb MR 

layered product 12, regulation-ized heat treatment of the 2nd 
anti fe r romagneti c 

substance layer 14 is performed. 

[0038] Thus, according to this operation gestalt, before forming the 
2nd 

anti ferromagnetic substance layer 14 for the switched connection for 
generating the 

vertical bias which controls the magnetic domain of the free layer 
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123, the both ends 

of the free layer 123 are removed to the predetermined depth. 
Consequently, the part 

which the component element of the protective layer 16 produced when 
removing a 

protective layer 16 diffused can be removed certainly, and good 
switched connection 

can be given between the free layer 123, the 3rd ferromagnetic layer 
13 for vertical 

bias fields, and the 2nd anti ferromagnetic substance layer 14. 

[0039] And since the process to remove is performed before performing 

regulation-ized 

heat treatment for the magnetization directional control of the 1st 
anti f e r romagneti c 

substance layer 120 of the spin bulb MR layered product 12, and 
progress of diffusion 

by heat treatment can be controlled, the degree which the component 
element of a 

protective layer 16 diffuses in the free layer 123 can be stopped to 
the minimum. 

this leads to it being good without carrying out until milling 
clearance of the free 

layer 123 so deeply, and means that the large thickness of the free 
layer 123 after 

milling can be taken, consequently, a production process becomes very 
easy even if 

the thickness of the free layer 123 becomes thinner future still. 
Therefore, good 

switched connection can be given easily and certainly between the free 
layer 123, the 

3rd ferromagnetic layer 13 for vertical bias fields, and the 2nd 
anti f e rromagneti c 

substance layer 14. 

[0040] As an ingredient of the cap layer 16, furthermore, Cu, 
aluminum, Rh, Ru, Pt, 
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The monolayer by one ingredient chosen from RuRhMn, PtMn, PtMnRh, and 
Tiw, or by 

using one two-layer film chosen from Ta/PtMn, Ta/cu, Ta/aluminum, 
Ta/Ru, Tiw/Cu, 

Tiw/Rh, and Tiw/Ru since the component element can make remarkably 
small the degree 

diffused in the free layer 123 by ion milling, it leads to it being 
good without 

carrying out until milling clearance of the free layer 123 so deeply, 
and means that 

the large thickness of the free layer 123 after milling can be taken. 
Therefore, a 

production process becomes very easy even if the thickness of the free 
layer 123 

becomes thinner future still. Consequently, good switched connection 
can be given 

easily and certainly between the free layer 123, the 3rd ferromagnetic 
layer 13 for 

vertical bias fields, and the 2nd anti ferromagnetic substance layer 
14. 

[0041] 

[Example] Hereafter, about the various spin bulb MR sensors by which 
the ingredients 

of the cap layer 16 differ, the sample at the time of changing the 
milling depth of 

the free layer 123 is created, and the result of having measured the 
vertical bias 

field by switched connection is explained. 

[0042] in this kind that has the 2nd anti ferromagnetic substance layer 
for vertical 

bias field impression like this operation gestalt of spin bulb MR 
sensor, if the 

relation of the magnitude of a vertical bias field and the incidence 
rate (the 

occurrences/measurement size of a Barkhausen noise) of a Barkhausen 
noise by switched 
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connection is investigated actually, as shown in a table 1, it will 
become. 
[0043] 
[A table 1] 



[0044] as shown in drawing 4 , from the spin bulb MR layered product 
test piece 40 of 

the width-of- recording-track 6 micrometerxMR height 6micrometer size 
in a wafer, the 

magnitude of a switched connection bias field irradiated the laser 
light 41 of 3 

micrometers of diameters of a spot, and it asked for it by evaluating 
the Kerr effect 

by mh-loop measurement. The lamination of the spin bulb MR layered 
product 40 is 

Ta(5nm)/NiFe(8nm)/Co(lnm)/Cu(2.5nm)/co(2nm)/PtMn (20nm) / Ta (5nm), 
and the 

lamination of the vertical bias field generating section 42 is 
NiFe(25nm)/RuRhMn 

(lOnm). incidentally, unlike this, the size in the case of a real 
component is 

width-of-recording-track [ of 1.0 micrometers ], and MR height 
1.2micrometer. 

[0045] The Barkhausen noise incidence rate of the sample which the 
switched 

connection bias field of this test pattern extracted from the wafer in 
which 30 or 

more oes were shown was 5% or less, and even if it strengthened the 
bias field more 

than it, the Barkhausen noise incidence rate did not change. 
Therefore, it turns out 

that milling conditions from which the bias field of a test pattern is 
set to 30 or 

more oes are needed. 

[0046] In the following examples each sample as lamination of a spin 
bulb MR layered 

product They are cap layer (5nm) / 
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NiFe(8nm)/Co(lnm)/cu(2.5nm)/co(2nm)/PtMn (20nm) / 

Ta (5nm). The lamination of the vertical bias field generating section 
is a 

configuration of RuRhMn (lOnm) as NiFe (25nm) and 2nd 
anti ferromagnetic substance 

layer as 3rd ferromagnetic layer 13. 

[0047] it is the case where trie monolayer of Ta (5nm) which is the 
conventional 

technique as an example 1 cap layer is used. A table 2 - a table 4 
show the relation 

between the milling depth (from a free layer front face) of the NiFe 
layer which is a 

free layer, and the magnitude of the bias field for a test piece 
center section, and 

a table 2 shows the case where a table 4 performs ion milling after 
heat treatment of 

300 degrees C - 5 hours, when ion milling is performed after a table 3 
performed heat 

treatment of 250 degrees C - 5 hours, when ion milling was performed 
immediately 

after membrane formation, especially -- a table 2 and a table 4 -- 
Auger -- the 

presentation ratio (Auger reinforcement) of Ta to NiFe in the front 
face for which it 

asked with the spectrum and by which milling was carried out is shown 
corresponding 

to the milling depth of a NiFe layer. 

[0048] 

[A table 2] 



[0049] 

[A table 3] 



[0050] 

[A table 4] 
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[0051] when ion milling is performed immediately after membrane 
formation, a vertical 

bias field is set to 30 or less Oes only after etching 4nm or more of 
free layers. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes and to make the Auger 
intensity ratio 

10% or less, it turns out that it is necessary to etch 4nm or more of 
free layers. 

[0052] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 6nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less and to 

make the Auger intensity ratio into 10% or less, it turns out that it 
is necessary to 

etch 7nm or more of free layers. 

[0053] if the Auger intensity ratio of a table 2 and a table 4 is 
compared and the 

large milling depth will not be taken since diffusion will progress, 
if it carries 

out after heat-treating the ion milling of a free layer so that 
clearly, sufficient 

vertical bias field cannot be acquired, and a Barkhausen noise 
incidence rate cannot 

be made into 5% or less. However, also when the monolayer of Ta which 
is the 

conventional technique as a cap layer was used like this example and 
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ion milling is 

carried out immediately after membrane formation, the needed milling 
depth becomes 

comparatively large. 

[0054] it is the case where the monolayer of Cu (5nm) is used as an 
example 2 cap 

layer. A table 5 - a table 7 show the relation between the milling 
depth (from a free 

layer front face) of the NiFe layer which is a free layer, and the 
magnitude of the 

bias field for a test piece center section, and a table 5 shows the 
case where a 

table 7 performs ion milling after heat treatment of 300 degrees C - 5 
hours, when 

ion milling is performed after a table 6 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, a table 

5 and a table 7 -- Auger — the presentation ratio (Auger 
reinforcement) of cu to 

NiFe in the front face for which it asked with the spectrum and by 
which milling was 

carried out is shown corresponding to the milling depth of a NiFe 
ayer. 
;0055] 
!a table 5] 



[0056] 

[A table 6] 



[0057] 

[A table 7] 

[0058] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 
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Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% o 
less that a 

vertical bias field is set to 30 or less Oes and to make the Auger 
intensity ratio 

10% or less, it turns out that what is necessary is just to etch 3nm 
or more of free 

layers. 

[0059] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 4nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% o 
less and to 

make the Auger intensity ratio into 10% or less, it turns out that it 
is necessary to 

etch 5nm or more of free layers. 

[0060] If the monolayer of Cu is used as a cap layer, the milling 
depth which is 

needed in order to make a Barkhausen noise incidence rate into 5% or 
less and to make 

the Auger intensity ratio into 10% or less as compared with the 
conventional 

technique which used the monolayer of Ta like the example 1 will 
become smaller. 

[0061] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if the 
Auger intensity 

ratio of a table 5 and a table 7 is compared, and it carries out afte 
heat-treating 
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the ion milling of a free layer so that clearly, and the large milling 
depth is not 

taken, since diffusion progresses, the milling depth which is needed 
if it carries 

out immediately after membrane formation is comparatively small. 
[0062] it is the case where the monolayer of aluminum (5nm) is used as 
an example 3 

cap layer. A table 8 - a table 10 show the relation between the 
milling depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 8 shows 
the case where a 

table 10 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 9 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 

[0063] 

[A table 8] 



[0064] 

[A table 9] 



[0065] 

[A table 10] 



[0066] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 
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Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 3nm or more of free layers. 

[0067] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 4nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 5nm or more of free layers. 
[0068] if the monolayer of aluminum is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0069] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
small . 

[0070] it is the case where the monolayer of Rh (5nm) is used as an 
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example 4 cap 

layer. A table 11 - a table 13 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 11 shows 
the case where a 

table 13 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 12 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0071] 

[A table 11] 



[0072] 

[A table 12] 



[0073] 
[A table 



[0074] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less oes, it turns out that what 
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is necessary is 

just to etch 3nm or more of free layers. 

[0075] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 5nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 6nm or more of free layers. 

[0076] if the monolayer of Rh is used as a cap layer, as compared with 

the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0077] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0078] it is the case where the monolayer of Ru (5nm) is used as an 
example 5 cap 

layer. A table 14 - a table 16 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 
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the bias field for a test piece center section, and a table 14 shows 
the case where a 

table 16 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 15 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0079] 

[A table 14] 
[0080] 

[A table 15] 
[0081] 

[A table 16] 

[0082] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 



just to etch 3nm or more of free layers. 

^ .5**. «M* «t . .» * tm, ■ » 



7)083] When membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 
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5% or less, when it is necessary to etch 4nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 5nm or more of free layers. 

[0084] if the monolayer of ru is used as a cap layer, as compared with 

the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0085] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0086] it is the case where the monolayer of Pt (5nm) is used as an 
example 6 cap 

layer. A table 17 - a table 19 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 17 shows 
the case where a 

table 19 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 18 performed heat treatment of 
250 degrees C - 
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5 hours, when ion milling was performed immediately after membrane 
formation. In 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0087] 

[A table 17] 



[0088] 

[A table 18] 



[0089] 

[A table 19] 



[0090] when ion milling is performed immediately after membrane 
formation, if 4nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 4nm or more of free layers. 

[0091] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees c - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 6nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
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less, it turns 

out that it is necessary to etch 6nm or more of free layers. 

[0092] if the monolayer of Rh is used as a cap layer, as compared with 

the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0093] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0094] it is the case where the monolayer of RuRhMn (5nm) is used as 
an example 7 cap 

layer. A table 20 - a table 22 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 20 shows 
the case where a 

table 22 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 21 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
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above-mentioned 

examples 1 and 2. 
[0095] 

[A table 20] 
[0096] 

[A table 21] 
[0097] 

[A table 22] 

[0098] When ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 



just to etch 3nm or more of free layers. 



,0099] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 5nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 6nm or more of free layers. 

[0100] if the monolayer of RuRhMn is used as a cap layer, as compared 

with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 
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depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0101] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0102] it is the case where the monolayer of PtMn (5nm) is used as an 
example 8 cap 

layer. A table 23 - a table 25 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 23 shows 
the case where a 

table 25 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 24 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0103] 

[A table 23] 



[0104] 
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[A table 24] 



[0105] 

[A table 25] 



[0106] when ion milling is performed immediately after membrane 
formation, if 2nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 2nm or more of free layers. 

[0107] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 

[0108] if the monolayer of RuRhMn is used as a cap layer, as compared 

with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0109] Moreover, although sufficient vertical bias field cannot be 
acquired and a 
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Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0110] it is the case where the monolayer of PtMnRh (5nm) is used as 
an example 9 cap 

layer. A table 8 - a table 10 show the relation between the milling 
depth (from a 

free layer front face) of the NiFe layer which is a free layer, and 
the magnitude of 

the bias field for a test piece center section, and a table 26 shows 
the case where a 

table 28 performs ion milling after heat treatment of 300 degrees C - 
5 hours, when 

ion milling is performed after a table 27 performed heat treatment of 
250 degrees C - 

5 hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0111] 

[A table 26] 



[0112] 

[A table 27] 



[0113] 

[A table 28] 



[0114] when ion milling is performed immediately after membrane 
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formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 3nm or more of free layers. 

[0115] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 

[0116] if the monolayer of PtMnRh is used as a cap layer, as compared 

with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0117] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 
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carries out immediately after membrane formation is comparatively 
smal 1 . 

[0118] it is the case where the monolayer of Til0w90 (Ti is 10at(s)% 
and w is 

90at(s)%) (5nm) of an amorphous presentation is used as an example 10 
cap layer. A 

table 29 - a table 31 show the relation between the milling depth 
(from a free layer 

front face) of the NiFe layer which is a free layer, and the magnitude 
of the bias 

field for a test piece center section, and a table 29 shows the case 
where a table 31 

performs ion milling after heat treatment of 300 degrees C - 5 hours, 
when ion 

milling is performed after a table 30 performed heat treatment of 250 
degrees C - 5 

hours, when ion milling was performed immediately after membrane 
formation, in 

addition, the Auger intensity ratio is not indicated by these tables 
in order to 

indicate the inclination of almost resemblance to be the case of the 
above-mentioned 

examples 1 and 2. 
[0119] 

[A table 29] 



[0120] 

[A table 30] 



[0121] 

[A table 31] 



[0122] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 
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Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 3nm or more of free layers. 

[0123] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 4nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 
[0124] if the monolayer of Til0w90 of an amorphous presentation is 
used as a cap 

layer, as compared with the conventional technique which used the 
monolayer of Ta 

like the example 1, the milling depth which is needed in order to make 
a Barkhausen 

noise incidence rate into 5% or less will become smaller. 

[0125] Moreover, although sufficient vertical bias field cannot be 

acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0126] it is the case where the two-layer film of Ta (2.5nm)/PtMn 
(2.5nm) is used as 
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an example 11 cap layer (Ta layer is an upside). A table 32 - a table 
34 show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 32 shows the case where a table 34 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 33 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0127] 

[A table 32] 



[0128] 

[A table 33] 



[0129] 

[A table 34] 



[0130] when ion milling is performed immediately after membrane 
formation, if a 

little less than 3nm or more of free layers is etched, a vertical bias 
field will be 

set to 30 or less Oes. Since it is that a Barkhausen noise incidence 
rate becomes 5% 

or less as mentioned above, in order for it to make a Barkhausen noise 
incidence rate 

5% or less that a vertical bias field is set to 30 or less Oes, it 
turns out that 
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what is necessary is just to etch a little less than 3nm or more of 
free layers. 

[0131] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 
[0132] If the two-layer film of Ta/PtMn is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0133] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
small. 

[0134] it is the case where the two-layer film of Ta (2.5nm)/cu 
(2.5nm) is used as an 

example 12 cap layer (Ta layer is an upside). A table 35 - a table 37 
show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 
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which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 35 shows the case where a table 37 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 36 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0135] 

[A table 35] 



[0136] 

[A table 36] 



[0137] 

[A table 37] 



[0138] When ion milling is performed immediately after membrane 
formation, if 2nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less oes, it turns out that what 
is necessary is 

just to etch 2nm or more of free layers. 

[0139] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 
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5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 3nm or more of free layers. 
[0140] if the two-layer film of Ta/Cu is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0141] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0142] it is the case where the two-layer film of Ta (2. 5nm) /aluminum 
(2.5nm) is used 

as an example 13 cap layer (Ta layer is an upside). A table 38 - a 
table 40 show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 38 shows the case where a table 40 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 
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table 39 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0143] 

[A table 38] 



[0144] 

[A table 39] 



[0145] 
[A table 



[0146] when ion milling is performed immediately after membrane 
formation, if 3nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 3nm or more of free layers. 

[0147] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 4nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
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less, it turns 

out that it is necessary to etch 4nm or more of free layers. 

[0148] if the two-layer film of Ta/aluminum is used as a cap layer, as 

compared with 

the conventional technique which used the monolayer of Ta like the 
example 1, the 

milling depth which is needed in order to make a Barkhausen noise 
incidence rate into 

5% or less will become smaller. 

[0149] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0150] it is the case where the two-layer film of Ta (2.5nm)/Ru 
(2.5nm) is used as an 

example 14 cap layer (Ta layer is an upside). A table 41 - a table 43 
show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 41 shows the case where a table 43 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 42 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
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inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0151] 

[A table 41] 



[0152] 

[A table 42] 



[0153] 
[A table 



[0154] when ion milling is performed immediately after membrane 
formation, if 2nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 2nm or more of free layers. 

[0155] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 
[0156] if the two-layer film of Ta/Ru is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 
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depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0157] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0158] It is the case where the two-layer film of Tiw (2.5nm)/Cu 
(2.5nm) is used as 

an example 15 cap layer (a Tiw layer is an upside). A table 44 - a 
table 46 show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 44 shows the case where a table 46 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 45 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0159] 

[A table 44] 



[0160] 
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[0161] 

[A table 46] 



[0162] when ion milling is performed immediately after membrane 
formation, if 2nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% or 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 2nm or more of free layers. 

[0163] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees c - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% or 
less, it turns 

out that it is necessary to etch 3nm or more of free layers. 
[0164] if the two-layer film of Tiw/Cu is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0165] Moreover, although sufficient vertical bias field cannot be 
acquired and a 
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Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0166] it is the case where the two-layer film of Tiw (2.5nm)/Rh 
(2.5nm) is used as 

an example 16 cap layer (a Tiw layer is an upside). A table 47 - a 
table 49 show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 47 shows the case where a table 49 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 48 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0167] 

[A table 47] 



[0168] 

[A table 48] 



[0169] 

[A table 49] 



[0170] when ion milling is performed immediately after membrane 
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formation, if a 

little less than 3nm or more of free layers is etched, a vertical bias 
field will be 

set to 30 or less Oes. Since it is that a Barkhausen noise incidence 
rate becomes 5% 

or less as mentioned above, in order for it to make a Barkhausen noise 
incidence rate 

5% or less that a vertical bias field is set to 30 or less Oes, it 
turns out that 

what is necessary is just to etch a little less than 3nm or more of 
free layers. 

[0171] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when membranes are formed and ion milling is further 
carried out after 

heat treatment of 300 degrees C - 5 hours that what is necessary is 
just to etch 3nm 

or more of free layers, in order to make a Barkhausen noise incidence 
rate into 5% or 

less, it turns out that what is necessary is just to etch 3nm or more 
of free layers. 

[0172] if the two-layer film of Tiw/Rh is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the example 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0173] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 
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not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0174] it is the case where the two-layer film of Tiw (2.5nm)/Ru 
(2.5nm) is used as 

an example 17 cap layer (a Tiw layer is an upside). A table 50 - a 
table 52 show the 

relation between the milling depth (from a free layer front face) of 
the NiFe layer 

which is a free layer, and the magnitude of the bias field for a test 
piece center 

section, and a table 50 shows the case where a table 52 performs ion 
milling after 

heat treatment of 300 degrees C - 5 hours, when ion milling is 
performed after a 

table 51 performed heat treatment of 250 degrees C - 5 hours, when ion 
milling was 

performed immediately after membrane formation, in addition, the Auger 
intensity 

ratio is not indicated by these tables in order to indicate the 
inclination of almost 

resemblance to be the case of the above-mentioned examples 1 and 2. 
[0175] 

[A table 50] 
[0176] 

[A table 51] 
[0177] 

[A table 52] 

[0178] when ion milling is performed immediately after membrane 
formation, if 2nm or 

more of free layers is etched, a vertical bias field will be set to 30 
or less Oes. 

Since it is that a Barkhausen noise incidence rate becomes 5% or less 
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as mentioned 

above, in order for it to make a Barkhausen noise incidence rate 5% o 
less that a 

vertical bias field is set to 30 or less Oes, it turns out that what 
is necessary is 

just to etch 2nm or more of free layers. 

[0179] when membranes are formed and ion milling is carried out after 
heat treatment 

of 250 degrees C - 5 hours, in order to make a Barkhausen noise 
incidence rate into 

5% or less, when it is necessary to etch 3nm or more of free layers, 
membranes are 

formed further and ion milling is carried out after heat treatment of 
300 degrees C - 

5 hours, in order to make a Barkhausen noise incidence rate into 5% o 
less, it turns 

out that it is necessary to etch 4nm or more of free layers. 
[0180] if the two-layer film of Tiw/Ru is used as a cap layer, as 
compared with the 

conventional technique which used the monolayer of Ta like the exampl 
1, the milling 

depth which is needed in order to make a Barkhausen noise incidence 
rate into 5% or 

less will become smaller. 

[0181] Moreover, although sufficient vertical bias field cannot be 
acquired and a 

Barkhausen noise incidence rate cannot be made into 5% or less if it 
carries out 

after heat-treating the ion milling of a free layer, and the large 
milling depth is 

not taken, since diffusion progresses, the milling depth which is 
needed if it 

carries out immediately after membrane formation is comparatively 
smal 1 . 

[0182] in addition, although the operation gestalt and example which 
were described 
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above are related with a spin bulb MR sensor, although MR sensor of 
this invention 

has a similar configuration, it also contains the spin tunnel MR 
sensor which used 

the thin insulator layer of thickness for the non-magnetic-material 
layer, and used 

the tunnel effect. 

[0183] This invention cannot be shown in instantiation, and not all 
the operation 

gestalten described above can show it restrictively , and can carry out 
this invention 

in other various deformation modes and modification modes. Therefore, 
the range of 

this invention is specified by only a claim and its equal range. 
[0184] 

[Effect of the invention] As explained to the detail above, in case 
the 2nd 

anti ferromagnetic substance layer for the switched connection for 
generating the 

vertical bias which controls the magnetic domain of a free layer is 
formed according 

to this invention, he is trying to remove the both ends of a free 
layer to the 

redetermined depth, and, moreover, the process to remove is performed 
efore heat 

treatment for the magnetization directional control of the 1st 
anti f e r romagneti c 

substance layer of MR layered product. By removing the both ends of a 
free layer to 

the predetermined depth, the part which the component element of the 
protective layer 

produced when removing a protective layer diffused in the free layer 
can be removed 

certainly, and good switched connection can be given between a free 
layer and the 2nd 

anti ferromagnetic substance layer for vertical bias fields. 
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[0185] moreover, good by performing the step to remove before heat 
treatment for the 

magnetization directional control of the 1st anti ferromagnetic 
substance layer, 

without the component element of a protective layer being able to stop 
the degree 

diffused in a free layer to the minimum and carrying out until 
clearance of the free 

layer so deeply, since progress of diffusion by heat treatment can be 
controlled. The 

thickness of a free layer becoming thinner future still as for this 
and an interval 

make a production process remarkably easy. Therefore, good switched 
connection can be 

given easily and certainly between a free layer and the 
anti ferromagnetic substance 

layer for vertical bias fields. 

[0186] According to this invention, a protective layer further Cu, 
aluminum, Rh, Ru, 

Pt, [ whether it is formed by one monolayer chosen from RuRhMn, PtMn, 
PtMnRh, and 

Tiw, and ] or by being formed by one two-layer film chosen from 
Ta/PtMn, Ta/Cu, 

Ta/aluminum, Ta/Ru, Tiw/cu, Tiw/Rh, and Tiw/Ru Since the degree which 
the component 

element of a protective layer diffuses in a free layer by ion milling 
can be made 

remarkably small as compared with the case where it constitutes from 
monolayer of Ta 

like the former it leads to it being good without carrying out until 
mi 11 i ng 

clearance of the free layer so deeply, and means that the large 
thickness of the free 

layer after milling can be taken. Therefore, a production process 
becomes very easy 
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even if the thickness of a free layer becomes thinner future still. 
Consequently, 

ood switched connection can be given easily and certainly between a 
ree layer and 

the 2nd anti ferromagnetic substance layer for vertical bias fields. 



[Translation done.] 
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